The current study reports the effects of NIDCAP (Newborn Individualized Developmental Care and Assessment Program) at 8 years of age for a randomized controlled trial of 38 very early born (≤29 weeks postmenstrual age), high-risk preterm infants. It was hypothesized that the experimental group at school age in comparison with the control group would perform significantly better neuropsychologically and neuroelectrophysiologically. Twenty-two (11 control, 11 experimental) children of the original 38 (18 control, 20 experimental) participants were studied at school age with a detailed neuropsychological battery and with EEG spectral coherence measures. Results indicated significantly better right hemisphere and frontal lobe function in the experimental group than the control group, both neuropsychologically and neurophysiologically. Neurobehavioral and physiological results in the newborn period successfully predicted the beneficial brain function effects at age 8 years. Results support the conclusion that the NIDCAP intervention has lasting effects into school age.
The incidence of prematurity is on a steady increase in the Western world. Of the 4.1 million live births in the United States each year, 12.7% (∼520,700) are born prematurely. This represents a 20% increase since the year 2000. 1 With advances in perinatology and neonatology survival rates of very low birth weight infants (VLBW, i.e., <1,250 grams) also have significantly increased. Prematurely born infants experience a range of physical, behavioral, and intellectual challenges, 2 and recent research suggests that as they mature and both academic and life challenges increase in complexity, the gap between them and their full-term peers widens on many measures of cognition, educational achievement, behavior, and social adaptation. 3, 4 Preterm-born children are overrepresented among those requiring early intervention and special education services. As the demands of the learning environment become steadily more complex, they typically require an increase in educational services. 1 The impact of IQ differences and learning problems intensifies in the face of increased demands on abstract integrative abilities requiring adequate memory, spatial, numerical, verbal, and phonological processing, as well as more nuanced mood, social interaction, and affect regulation. School-age pretermborn children are characterized by a range of mental control and executive function difficulties that include poor planning and problem solving and impaired working memory and inhibitory controls, all abilities associated with poor educational performance. 5, 6 The lifetime costs associated with prematurity far exceed the costs of newborn intensive care and include increased costs for educational, social, and emotional resources. 2, 7 Investigations of early brain development increasingly yield information that aids the understanding of the disabilities of preterm-born infants and children. Early brain-based differences in preterm infants [8] [9] [10] [11] are thought to contribute to the long-term disabilities, especially in terms of mild cerebral palsy and motor incoordination, 12 as well as in deficits of learning, school achievement and affect regulation. [13] [14] [15] [16] Although some of the integrative developmental differences might be explained by the cumulative effect of minor medical complications such as transient temperature control and glucose metabolism instabilities inevitably associated with preterm birth, 17 the infant's sensory experience in the environment of the newborn intensive care unit (NICU), with its exposure to bright lights, high sound levels, and frequent stressful interventions clearly exert additional harmful if not damaging effects on the immature brain, and thus alter its subsequent development. [18] [19] [20] [21] [22] [23] [24] The sensory environment outside the womb is an unexpected challenge for the preterm infant during a very sensitive period of rapid brain growth and differentiation. 25, 26 Brain science's realizations have prompted exploration of opportunities for very early developmental support and preventive intervention immediately after birth in the NICU to minimize the effects of the brainenvironment mismatch and to improve the long-term outcome for preterm-born children. The Newborn Individualized Developmental Care and Assessment Program (NIDCAP) 27 was created in an effort to build a system of care and environmental structure in the NICU that is specifically supportive of preterm infants' early brain development. The synactive theory 28 that underlies this approach proposes that care and environmental structures that take into account the infants' sensory experience thresholds from functional modulation to disorganization may be supportive of long-term brain development and outcome. NIDCAP is based on the assumption that all infants, no matter how early-born, display reliably observable behaviors in the form of autonomic and visceral responses (e.g., respiration patterns, color fluctuations, spitting, hiccoughing, bowel movement strains), motor system patterns (e.g., postures; tone of trunk, extremities and face, and movements-finger splays, arching, grimacing), and state behaviors (e.g., diffuse sleep, strained wakefulness, and aroused upset), [29] [30] [31] [32] [33] which express the current appropriateness for the individual infant of the environment (sound, light, activity, affective climate), as well as of the timing and quality of all care giving and all social interactions. 27, 33, 34 Each infant's behavior in turn may aid the caregiving professionals in the reliable identification of the infant's restfulness, comfort, and well-being, as well as the infant's impending stress responses. Detailed observations of an infant's behavior during daily care interactions are thought to provide the essential basis for recommendations and adaptations in how best to minimize stress and optimize an individual infant's neurodevelopment. The NIDCAP studies to date have shown that the care team benefits from information and education, direct support and coaching at the bedside, and opportunity for supportive reflection in implementing such infant-behavior-based recommendations. With such education and support, the care team welcomes collaboration with and integration of the infant's family into the 24-hour schedule of regulatory and calming support that the preterm infant needs-a collaboration that parents are eager to provide, that benefits the child and that maximizes the allocation of nursing care.
Several NIDCAP randomized controlled trials (RCTs) have shown positive results in both behavioral and electrophysiological brain functioning of very early born infants (<30 weeks gestational age) at high risk for serious organ damage such as chronic lung disease and intraventricular hemorrhage. 18, [20] [21] [22] 35, 36 Improved outcomes were not only medical in nature but also included improved neurodevelopment, as was recently reviewed. 37 A metaanalysis of the NIDCAP RCTs published to date nevertheless concluded that there was as yet not sufficient evidence to broadly recommend NIDCAP as a standard of clinical care, 38 stating that not only did the RCTs all involve small sample sizes, but moreover they lacked follow-up into school age. The longest follow-up published since the meta-analysis' publication extended to age 5 years and showed significantly fewer children with severe disabilities in the NIDCAP group than in the control group. 36 The goal of the current study was to explore the continuity of NIDCAP effectiveness into school age, and to test the predictability of newborn period brain function measures to school age neuropsychological results.
Methods Design
Follow-up at 8 years of age corrected for prematurity (CA) was conducted for the preterm-born children of a 2-group (control, C and experimental, E group) RCT. The original study has been reported elsewhere. 18 The follow-up study protocol reported here was approved by the review board for research with human subjects at the hospital where the school age outcome assessments occurred. All outcome assessment personnel were blind to the children's group assignments.
Subjects
The original RCT sample consisted of 43 eligible preterm infants. Four infants were not deemed viable by the attending neonatologists; 1 family refused participation. The sample submitted to analysis consisted of 38 participants (18C, 20E). The infants were delivered at a large urban tertiary care center with a regional high-risk perinatal service. Soon after birth, all infants were admitted to and cared for at the hospital's NICU, a 48-bed, level III nursery with an exclusively inborn population. All infants, as described in the original report 18 met the following criteria: (1) gestational age at birth ≤29 weeks; 39 (2) birth weight ≤1,250 grams (g); (3) conceived spontaneously; (4) singleton; (5) mechanical ventilation onset within the first 3 hours after birth; and (6) lasting for more than 24 hours in the first 48 hours; (7) alive at 48 hours; (8) absence of chromosomal or other major genetic anomalies and congenital infections; (9) at least 1 family member with some English language facility; and (10) living within the greater urban area. Families whose infants met the study criteria were recruited as soon as an eligible infant passed the 24-hour mechanical ventilation mark. All recruitments were completed within the first 3 days after delivery. Of the original 38 study infants' families 24 (13C, 11E) continued to reside in the study's greater urban area and were contacted once the children reached 8 years corrected age (8yCA). Prior to school entry, 2 of the control group children (both Caucasian boys) had succumbed to the sequelae of very significant lung disease stemming back to their NICU stays. The remaining 22 families and their school-age children when contacted agreed to participate in the follow-up study. The background comparability of the returning 8yCA children and those who could not be located at age 8 was examined using medical and demographic background variables of the children when newborns. Analysis of variance (ANOVA) and χ 2 statistics identified no differences. Furthermore, no differences were identified in the medical or the demographic background variables of the 11 C-group children when compared with the 11 E-group children participating in the study at 8yCA.
Control and Experimental Group Experience
As described in the original publication, 18 the intervention that the E-group infants received was NIDCAP. 40 Intervention began from admission to the NICU to 2 weeks CA (2wCA). The standard of care for the C-group infants at the time of study included efforts toward primary care nursing, individual staff dependent parent inclusion, and the by then standard and uniform shielding of incubators with blankets; dressing of infants in T-shirts, the use of side and foot rolls; and liberal provision of pacifiers. Encouragement of holding and breast feeding an infant were also staff dependent. No efforts were made in the original study to prevent spillover and contamination effects from experimental to control group care. Therefore, any significant experimental effects identified have to be interpreted as conservative, since they exceed all control group contamination effects. NIDCAP in the original study was carried out by 2 certified NIDCAP professionals, 1 NICU nurse, and 1 psychologist, who worked with the E-group infants' care teams and families to jointly plan and implement individualized care and to structure individualized environments supportive of each infant. More specifically, the individualized intervention consisted of weekly neurobehavioral observations, starting with the infant's initial stabilization and ending at 2wCA, by which time, as described in the original study's publication, most infants were at home with their families. The weekly reports based on the observations provided suggestions for parents and staff in terms of ways to support an infant's development. The goal was assurance of restfulness, calm breathing and well-modulated color; calm digestive tract; well-modulated face, extremity, and trunk tone; comfortable restful positions; individualized adjustment of all timing and implementation of procedures, and provision of well-supported relaxation periods. The NIDCAP professionals provided daily support and guidance for the caregivers in understanding the E-group infants' stress and comfort signals and in adjusting care accordingly, as well as in conceptualizing the infants as active participants in the care delivered. Parents were supported in caring for their infant, encouraged to nurse and hold their infant for as much of the 24-hour cycle as they desired, as well as to cradle their infant when the infant had to be in the incubator during stressful and difficult procedures. Staff members were encouraged to offer parents comfortable recliner chairs available as part of the study to relax in and to hold and sleep with their infant in restful close contact for prolonged periods of time. Several accessories specifically designed to support the E-group infants when in the incubator or crib included natural sheepskins, terrycloth buntings, hammocks, soft special sizeappropriate body and hugging pillows, and soft, special pacifiers. Furthermore, parents were encouraged to personalize their infant's bed area.
Original Medical and Demographic Background and Outcome Assessment and Results
Medical and demographic information had been obtained from the study participants' NICU medical records, the medical record of the community hospitals and the infants' pediatricians. Data were abstracted in a double blind fashion by the study's coordinator. The information was coded into pre-defined variables. Demographic and parent/infant/child medical history information not accessible from medical records was obtained from parent interview at 2wCA by the study's senior psychologist, who was naive to infant/child group membership. No group differences were identified in background measures for the original study sample, yet highly significant differences in a large number of medical outcome variables were found-all in favor of the E-group infants. These included among others, as published, significant reduction in the severity of chronic lung disease as well as in the incidence of intraventricular hemorrhage, earlier independent feeding, better weight gain, and earlier discharge home from the hospital.
Original Neurobehavioral and Neurophysiological Outcome Assessments and Results at 2wCA
All infants at 2wCA had been assessed neurobehaviorally with the APIB (Assessment of Preterm Infants' Behavior), 28, 29 which yields 6 behavioral system scores and 12 summary variables. Results showed improved autonomic system regulation, motor system organization, and self-regulation, as well as better symmetry in orientation and in motor responses, autonomic stability, and modulation of tone, movement, and posture. The infants were also assessed neurophysiologically with electroencephalography (EEG) in sleep for which 20 scalp electrodes were employed, as described in the original publication. EEG information was analyzed with quantified methods that involved topographic mapping and group difference assessment by significance probability mapping (SPM). 41 For the current follow-up study, a more advanced EEG technique, namely spectral coherence of sleep EEG, was employed. Spectral coherence between 2 EEG electrodes is generally taken as a measure of cortical coupling between the brain areas underlying the electrodes. Coherence measures have been used to assess the neural functions responsible for complex cognitive and affective regulatory processes. [42] [43] [44] [45] The EEG spectral coherence data were represented by 40 coherence factors, derived from an independent normative sample (N = 312) that also had been studied at 2wCA. 8 These factors have proven successful in predicting postmenstrual age at birth, degree of medical compromise, and newborn behavioral competence. 8 The EEG coherence results at 2wCA showed significant group differences on coherence factors 7 and 17, 8 as depicted in Figure 1 .
Both factors differentiated the C group from the E group with probabilities of P < .02. Factor 7 involves significantly higher connectivity between mid-central to frontal brain regions in the beta frequency band. At later ages, these areas are thought to involve connections important for allocation of attention, coordination of verbal memory, temporal organization of thought and action in accordance with internal goals, reactivation of emotional states, social executive control, decision making, and social judgment. [46] [47] [48] Higher connectivity in this system, evidenced by the experimental group, likely indicates greater engagement of the neural pathway subserving this specialized functioning. [49] [50] [51] [52] Factor 17 involved higher connectivity between right occipital to left anterior temporal regions in the alpha frequency band, again favoring the experimental group. This connectivity at later ages is thought to involve storage and processing of semantic information and general verbal memory functions. [53] [54] [55] 
Medical and Demographic Background Assessment at 8yCA
Demographic and medical history information at 8yCA was obtained from parent interview by the study's senior psychologist, who was naive to infant/child group membership. With parent permission additional information was obtained from the pediatricians' offices and Children's Hospital medical records as indicated. Medical record data were abstracted in a double blind fashion by the study's coordinator. Demographic and medical information was coded into predefined variables, including socioeconomic status of the family; 56 ethnicity; gender; special school services, including resource room, reading specialists, and so on; diagnosis of cerebral palsy; and hearing loss. All children also were measured and weighed, and age at testing was also assessed. Given the recent literature as to the lifelong continuity of sequelae of prematurity, 2 age was corrected for prematurity.
Neuropsychological Outcome Measures at 8yCA
To test the current study's hypotheses that NIDCAP has long-term effects and that brain-based measures in the newborn period predict to later developmental outcome, the children were assessed at 8yCA with a comprehensive battery of neuropsychological measures. The battery included the following: (1) the Wechsler Intelligence Scale for Children-Revised (WISC-R), 57 which measures verbal, performance, and full scale IQ (X -= 100; SD = 15); (2) the Kaufman Assessment Battery for Children (K-ABC), 58 which yields 4 standard scores (X -= 100; SD = 15)-Sequential Processing, Simultaneous Processing, Mental Processing Composite (Sequential and Simultaneous), and Achievement-and is known to successfully distinguish cognitive processes from achievement, to assess hemispheric specialization, and to measure a child's neurocognitive strategies in solving problems and in processing information; (3) the Kaufman Test of Educational Achievement (K-TEA), 59 an academic battery, which assesses skills in reading and mathematics; (4) the Expressive One-Word Picture Vocabulary Test (EOWPVT) 60 and the Peabody Picture Vocabulary Test (PPVT), 61 both widely used standardized tests (X -= 100; SD = 15), to assess receptive and expressive vocabulary respectively; (5) the Test of Auditory Analysis Skills (TAAS), 62 which measures oral word analysis skills; (6) Rapid Automatized Naming (RAN), 63 which is a diagnostic indicator test of reading disability; (7) the Developmental Test of Visual Motor Integration (VMI) 64 72 which measures social adaptation. All neuropsychological assessments were performed by an experienced psychologist, purposefully blinded as to the subjects' group identities. All studies were performed at a specially designed neurobehavioral laboratory outfitted with a 1-way mirror window and 2 hidden cameras; all assessments were videotaped for reliability check. Parent(s), if they so chose and their children agreed, watched the assessments through the 1-way mirror window. Rest breaks were interspersed as indicated. All neuropsychological variables derived from the assessments were coded and double-checked by 1 of 2 experienced blinded coders.
Given the small sample size and the large number of variables, the comprehensive battery of neuropsychological measures was reduced by factor analysis into 6 independent orthogonal factors, which accounted for 89% of the variance. These 6 factors, an acceptable number of variables for sample size, 73 were used for data analysis.
Neurophysiological Outcome Measures at 8yCA
Following the neuropsychological assessment, the children were assessed neurophysiologically (EEG) in the Eyes Closed (ECL) alert state. ECL was chosen for analysis because eye movement contamination is minimal. Paroxysmal epochs of eye or muscle artifact were visually identified by the senior neurophysiologist and excluded from subsequent analysis. ECL EEG was collected in 2-minute segments for a total of 12 minutes by a registered EEG technologist with expertise in pediatric EEG. Both the neurophysiologist and technologist were blinded as to the subjects' study and group identities. All neurophysiologic assessments were performed in a specially outfitted research EEG suite immediately adjacent to the neurobehavioral laboratory. The parent(s), if they chose and their children agreed, watched the EEG assessments through a 1-way mirror window within the EEG suite.
EEG data were collected from 20 EEG channels at a 256 Hz sampling rate with subsequent bandpass filtering from 1 to 50 Hz and a 60 Hz notch filter to minimize environmentally induced artifacts such as data contamination from nearness to electrical power mains. Analyses were based upon data placed in the Laplacian, reference electrode free, format which is primarily sensitive to underlying cortex, relatively insensitive to deep/remote EEG sources, and unrelated to the particular reference used during data collection. 74, 75 Spectral analysis, including spectral coherence calculation as outlined by Saltzberg et al, 42 was performed using a Nicolet software package. Using a spectral resolution of 2 Hz per data point (16 points over 32 Hz), among all 20 channels, 3,040 individual coherence variables were created. A multivariate regression analysis described by Semlitsch et al 76 was used which, by identifying a signal proportional to a known source of artifact (e.g., prefrontal slow delta for eye blink artifact and fast beta for temporal muscle artifact) effectively removes remaining artifactual contributions. As previously described, these coherence variablesnow artifact-free-were reduced in number by using inhouse developed 77 principal components analysis (PCA) software that includes varimax rotation and is suited to factoring of asymmetrical matrices. Forty resulting factors, representing 48% of the original coherence variance, were used for subsequent analyses. 73, 78 Using the rules generated by the above PCA, corresponding factors were created on the current C-group and E-group 8-yearold participants and represented them in the subsequent analyses.
Data Analysis
All statistical analyses were performed using BMDP 2007 software. 79 Continuous variables were submitted to multivariate analysis of variance (MANOVA; BMDP4V), with subsequent exploratory univariate analysis of variance (ANOVA; BMDP7D). 80 In cases of unequal variance, the Browne-Forsythe test of variance (F*) was used. Categorical variables were submitted either to Fisher's exact probability test (FET) for 2 × 2 tables; or to the χ 2 test with Yates's correction. 79, 81 For all analyses, an a priori probability level of P ≤ .05, 2-tailed, was selected. The sample size assured detection at a ≤.05 probability level, of medium to large effects, which account for between 23% and 69% of the variance. 82 Stepwise discriminant analysis (DSC; BMDP7M) was employed for the behavioral and the electrophysiological domains, at 2wCA and 8yCA. Wilks's Λ 83 and jackknifed 84, 85 classification were performed to ascertain 2-group classification success per domain and across domains at each of the 2 age points. Canonical correlation analysis (BMDP6M) was used to explore the relationships among the behavioral and electrophysiological domains at 8yCA, as well as the data domain relationships from 2wCA to 8yCA. Table 1 shows the medical and demographic characteristics of the school-age children at time of testing.
Results

Medical and Demographic Variables at 8yCA
Gender, ethnicity, and social class (socioeconomic status or SES) 56 distribution was comparable for the 2 groups. Aside from the 2 C-group children who had died, one other C-group child was diagnosed with cerebral palsy. Incidence of hearing loss and of requirement for special support services in school was comparable for C-group and E-group children. Growth measurement in terms of weight, height, and head circumference and their age-corrected percentiles were also comparable.
At the time of testing at 8yCA, the C-group was significantly older than the E-group. The direction of the age difference presented a bias against the experimental group and against the primary hypothesis. Given the small sample size and reduction in power when using a covariate, the age difference was not entered into further analyses as covariate. The C-group and E-group children tested were considered comparable medically and demographically. 
Neuropsychological Outcome at 8yCA
On the WISC-R, 57 the E-group children showed a trend toward better Performance IQ (PIQ) scores than the C-group children, as Table 2 shows. Verbal and Full Scale IQ (VIQ and FSIQ) showed no differences between the 2 groups. Table 3 displays the individual children's distributions of Verbal, Performance, and Full Scale IQ. Scores are arranged to show first the control and secondly the experimental group children in sequence of their initial recruitment.
The distribution of IQ scores as displayed in graphic format in Figure 2 highlights the relative standing of the control and experimental group children.
The overall distribution is in keeping with the followup literature of very preterm-born children at high risk for lung disease and intraventricular hemorrhage.
The profile reflected by the standardized IQ score results is further supported by the findings of the factor analysis of the full neuropsychological battery. The 6 orthogonal factors derived from the full behavioral battery, which accounted for 89% of the data variance, significantly separated the 8yCA C-group from the E-group children by MANOVA (P < .05), as shown in Table 4 .
Discriminant function analysis (DSC) selected 2 neuropsychological factors (factors 2 and 5), which separated the C and E groups with 77.3% accuracy (jackknifed), 84, 85 Wilks's Λ = .61; F = 6.16; df = 2, 19; P = .01). The E group showed significantly better performance on factor 2, an index of spatial visualization and mental control, than the C group. Individual subtests within factor 2, evaluated descriptively, showed significant group differences in Coding (WISC-R; P < .02), Picture Completion (WISC-R; P < .04), and RAN-Colors (P < .04). These findings indicate significantly better functioning of the E-group children in mental control, attention, and C  123  93  109  AC  C  112  106  114  TD  C  64  47  52  BD  C  106  93  99  JF C  110  107  109  MH  C  98  81  89  BM  C  121  93  107  BP  C  45  45  40  MS  C  110  103  107  OT  C  117  113  116  SW  C  48  45  40  MA  E  94  110  101  AB  E  78  98  86  DS  E  107  96  102  MC  E  95  104  99  RD  E  119  129  126  KK  E  88  111  98  KN  E  92  95  93  AR  E  88  94  90  ES  E  121  108  116  MT  E  64  89  74  CW  E  74  69  69 Abbreviations: C, control group; E, experimental group. integrative processing in the visual spatial domain, that is, in predominantly right hemispheric and frontal lobe functions. Factor 5, an index of memory and attentional abilities, although not significantly different between the C and E groups, nevertheless showed a trend toward better performance in the E group.
Neurophysiological Outcome at 8yCA
Of the 22 children studied at 8yCA, 19 children (9C, 10E) had complete electrophysiological data sets usable for coherence analysis. Of the 40 coherence factors in the ECL state, generated on the large independent sample of 275 children as described above, PCA identified 4 coherence factors (F24, F3, F33, and F1) that best differentiated the C-group children from the E-group children, as depicted in Figure 3 . These 4 factors correctly classified (jackknifed) the children with 94.7% accuracy (Wilks's Λ = .116; F = 26.57; df = 4, 14; P = .001). Coherence factor F24 involves broad connectivity between mid-occipital to bihemispheric mid-temporal regions in the 4-Hz theta band. The brain regions involved are implicated in word finding, verbal format storage, and retrieval functions (left temporal), in visual non-verbal format storage and retrieval operations (right temporal), and in organization and recall of discrete components of memory for order and recall (occipital). 86 Coherence factor F3 represents connectivity between right occipital, an adjacent right parietal, a left parietal and a left occipital region in the 14-Hz beta frequency band. These brain regions are involved in visual input to the multimodal sensory association cortices bilaterally of the parietal lobes. Coherence factor F33 represents connectivity between right midtemporal and left-central regions at 30-Hz beta frequency band. The E group's decrease in connectivity in these regions likely suggests pruning of cross-hemispheric temporal inputs to the left hemisphere. Coherence factor F1 represents connection between the mid-occipital and broad bilateral frontal association cortices at 24-Hz beta frequency band. These brain regions suggest functional transfer of visual information to frontal premotor cortices and to frontal regions involved in decision making as it relates to visual input.
Relationship of Neuropsychological and Neurophysiological Functioning at 8yCA
Canonical correlation employed to explore the relationship of the 6 neuropsychological and the 4 coherence factors at 8yCA showed a significant relationship, as identified with Bartlett's test (χ 2 = 114.62; df = 72; P < .001). Neuropsychological factors 2 and 4 and coherence factors 24 and 36 showed the highest correlations to the canonical variable. Neuropsychological factor 2, as explained earlier, is a visual motor and visual spatial factor; neuropsychological factor 4, which mainly loaded on the Rey-Osterrieth Complex Figure Test, 66 also implicates complex visual spatial processing, as well as visual spatial memory, executive functioning, planning, and organization. Coherence factor F24 as described above involves broad connectivity between mid-occipital to bihemispheric mid-temporal regions in the 4-Hz theta band. Coherence factor F36, not involved in the C and E-group discrimination, involves short distance connectivity between the right central and parietal regions in the slow beta range at 14 Hz. Loadings on the canonical variates indicate that the children with better visual-spatial processing and better performance on the ROCFT had enhanced connectivity between the occipital and both mid-temporal regions (factor F24) and increased connectivity between the central and parietal regions (factor F36) over the right hemisphere. The relationship between the neuropsychological and neurophysiological variables thus involved the right hemisphere more than the left. The DSC results indicate that although correlated, the 2 sets of variables were not redundant.
Relationships Between 2wCA and Neuropsychological Functioning at 8yCA
Canonical correlation analysis employed to identify global correlations between variable sets in the newborn period (2wCA) and at 8yCA by Bartlett's test, failed to demonstrate any significant canonical correlations between newborn medical/demographic background or newborn medical outcome variables and the neuropsychological factors at 8yCA. However, Bartlett's test successfully identified a significant pair of canonical variates between the 18 APIB behavioral variables in the newborn period and the 6 neuropsychological factors at 8yCA (χ 2 = 73.53; df = 48; P < .01). Identified were APIB variable 2 (motor system organization) and neuropsychological factor 2 (visual and spatial abilities), as well as neuropsychological factor 6 (achievement). Similarly, canonical correlation employed to explore the relationship of the 40 neurophysiological coherence factors at 2wCA and the 6 neuropsychological factors at 8yCA revealed a significant relationship as identified with Bartlett's test (χ 2 = 43.45; df = 24; P < .009). Newborn neurophysiological factor 21 represents increased long-distance interhemispheric connectivities between right frontal regions and broad bilateral occipital regions of the left hemisphere more than the right hemisphere, in the 10-Hz frequency band. These brain regions later on are involved in planning and executive function as related to visual information processing. Thus, although both the neurobehavioral and the neurophysiological measures from the newborn period are related to the neuropsychological functioning at 8yCA, none of the demographic, medical background, or medical outcome measures demonstrates any significant relationship.
Discussion
The results support the hypothesis that NIDCAP in the NICU significantly enhances neuropsychological and electrophysiological function in the E group at age 8yCA, as compared with the control group. The results are strengthened by the experimental group's younger ages at 8yCA testing. Path analysis [87] [88] [89] demonstrated that neither intraventricular hemorrhage nor bipolar disorder significantly mediated the intervention effects at 8yCA.
At 2wCA, as published elsewhere 18 E-group infants had shown significantly better medical outcome as well as better behavioral functioning than C-group infants, with strong differences in autonomic system regulation, motor system organization, and self-regulation, as well as better symmetry in orientation and in motor responses, autonomic stability, and modulation of tone, movement, and posture. EEG coherence results at 2wCA, as evaluated here, showed that E-group infants demonstrated enhanced cortical function in areas related to later attention, verbal memory, semantic processing, executive control, and organization of thought and action. Results are internally consistent and speak to the effectiveness of the experimental intervention and its importance in support of the immature infant's brain development from birth. These results provide compelling evidence for the effectiveness of intervention in the immediate newborn period.
When the study children reached 8yCA, those who had been in the NIDCAP group demonstrated significantly better spatial visualization and mental control than those who received standard NICU care. The EEGderived measures of cortical connectivity also successfully differentiated E-group from C-group children at 8 years of age and corroborated the neuropsychological findings in terms of the neural pathways implicated. Furthermore, the neurobehavioral and neurophysiological measures in the newborn period better predicted neuropsychological functioning at 8yCA than the medical/ demographic background and medical outcome variables, which failed to uncover significant relationships. The generalizability of these findings, although potentially limited by the small sample size, has important implications for the amelioration of the specific learning disabilities with which so many very early born children struggle. [90] [91] [92] The study's findings validate the hypothesis that underlies NIDCAP, namely that the fetal brain in the late second semester and throughout the third trimester is differentially sensitive to the repeated stressful events experienced in the NICU; and that this vulnerability may be compensated for by consistent individualized developmental care implementation. Although the specific pathways of NIDCAP's effectiveness are not fully understood, protection against untoward changes in white matter architecture, as well as protection of programmed cell death, intercortical connectivity, and myelination, all may guard against compromised brain development. It is postulated that NIDCAP processes may involve stabilization of the NMDA (N-methyl-daspartate) axis and assurance of appropriate cell death (apoptosis), protection against neurocytotoxic damage, lowered sensory and pain thresholds, and increased stability with modulated thresholds of reactivity and sensitivity. 93, 94 Other potential mechanisms, inferred from results of differential mothering and sensory experience experiments in animal models, suggest that continuity and reliability of maternal care promotes hippocampal synaptogenesis, spatial learning and memory through systems known to mediate experience-dependent neural development. 95, 96 All of these effects may enhance NIDCAP group preterm infants' capacity to take advantage of environmental offers in and beyond discharge from the stressful NICU environment. 97 In the NIDCAP model of caregiving, the infant's behavior guides the caregiver in improving the infant's comfort and in decreasing the infant's stress. The NIDCAP approach focuses on individualization of care in the NICU as based on each infant's behavioral cues, to support each infant's strengths and to reduce the level of stress and pain experienced by the infant. Conscious, deliberate, and thoughtful care giving and the consistent familiar presence of and intimate contact with the parents and the family support the infant to be more calm and self-regulated. This in turn appears to facilitate brain development. [98] [99] [100] The results from this study validate the differential vulnerability of the frontal regions of the preterm infant's brain and show that this vulnerability may be counteracted by NIDCAP care. 19, 23 The data, showing that NIDCAP may demonstrate beneficial effects for experimental group children not only in infancy but also into school age, are very encouraging. Interpretation of the findings nonetheless requires much caution. Further substantiation by larger longitudinal follow-up studies into school age is necessary to corroborate the results of this preliminary-but promisingsmall study.
Advances in newborn intensive care and medical practice since the time of this study have implications for the interpretation of the results, which are bound to their time. As younger infants survive, ever more vulnerable infants must experience the NICU. Furthermore, changes in care practice that were not yet an issue at the time of this study such as enforcement of "back to sleep" recommendations for sudden infant death syndrome, 101 and the increasing life stresses of modern young families warrant further investigation and follow-up.
Although the exact underlying mechanisms of NIDCAP effectiveness remain to be discovered, evidence from this study points to the intervention's possible long-term effectiveness. The study's results demonstrate that NIDCAP improves health, brain development, and functional competence for preterm-born children. Future research will be required to validate the encouraging results here reported and to determine the intervention's effectiveness into adolescence and early adulthood.
